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LOW—SPEED PRESSURE-DISTRIBUTION
MEASUREMENTS AT A REYNOIDS NUMBER OF 3.5 x 108 oN A wING
WITH LEADING—EDGE SWEEFPBACK DECREASTNG
FROM 45° AT THE ROOT TO 20° AT THE TIP

By U. Reed Barnett, Jr. and Roy H. ILange
SUMMARY

Results are presented of an Investligation to determine the pres—
sure distributions on a wing wilth leading—edge sweepbeck decreasing from
450 at the root to 20° at the tip, an aspect ratio of L4.12, taper ratio
of 0.36, and NACA 6LAO09 alrfoll sections. Tests were conducted at a

Reynolds number of 3.5 X 106 and a Mach number of 0.07 on the wing with
and without 0.20 chord 0.65 span split flaps deflected 60°. These pres—
sure distributions are analysed herein to determine the character of flow
and its effect on the stability of the wing.

INTRODUCTION

Some conslderation hes been glven to a sweptback wing with the sweep
decreasing from root to tip as a means of allevlating the poor low—sgpeed
characteristics of sweptback wings. The selection of thils particular.
plan form ig based on the premise that the smailer angle of sweepback
in the outboard wing panels would diminish the Inherent early tip—
stalling tendencies and thues lmprove the low-speed stabllity and control
characteristics. Tests at low scale of thls type of sweptback wing
{(reference 1) show, for low-gpeed conditions, increments in 1ift due to
plain flap deflection which are considerably higher than those measured
for conventlional sweptback wings and a linear variation of pitching-—
nomsnt coefficlient with 1i1ft coefficlent up to the stall., In view of
the favorable results at low scale, a general investigation of a swept—
back wing with the leading-edge sweep decreasing from 45° at the root
to 20° at the tip has been conducted in the Langley full—scale tunnel.
The meximum 1lift and stetic—longltudinsal stability characteristics

——
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of the wing for a Reynclds number range from 2.4 X 106 to 6.0 x 106

are discussed in reference 2. The present paper presents the results

of pressure—distribution measurements made on the wing to determine the
chordwise and spanwise loadings and tc aid in the evaluation of the flow
over a wing plan form of thls type.

The inveastigation consgiegted ir messurements of the surface static
pressures along the chord for statlions located at 10, 20, 4O, 60, and
80 percent of the wing semispan at anglea of attack from 0% through the
gtall at zero yaw. The basic wing and the wing with 60° split flaps

installed were tested at a Reynolds number of about 3.5 X 106 and a
Mach numher of 0.07.

COEFFICIENTS AND SYMBOLS

The data are referred to the wing exes with the arigin at the
quarter—chord of the mean sercdynemic chord. The data have been
reduced to standard NACA nondlimensional coefficlents which are defined

as faollaws:

Cr, ~ 11ft coefficlent (—Iiéfc-)
Qs
1
oLt 1ift coefficient f c; - a X
0 Cav b
Cy pltching-moment coefflclent (P itchmgﬁsmnt)
goc

- 2
Cm' pitching-moment coefficient (E%Y-f Cp 1—‘:( c ) a bg)
0

Cc \Cav.

X distance from local center of pressure to quarter—chord of th
mean aerodynamic chord . .
cn section normal—force coefficilent (j; ' Prd f—)
cy approximate section 1lift coefficient
(cos c:._/;lPrd‘f ar c, cos cn)
P

r PZl.ower - Pupper



NACA RM L50A23a ' o ' 3

P preasure coefficlent (E—TP—Q)
P local statlc pressure

Po free—satream static pressure

q free—stream dynemic pressure
EE%EZ; apan loading coefficient

c locel chord

Cav average chord (%)

b/2
mean aerodynamic chord g- f ced.y
0 .

c

5] wing aresa

b wing span .

¥ - gspanwise coordinate, perpendicular to plane of symmetry
x - chordwise coordinate, parasllel to plane of symmetry

o angle of attack, degrees

5p split—Flap deflection, degrees

MODEL: AND TESTS

The geometric cheracterlstics of the model are glven 1n figure 1.
The wing has an angle of sweepback at the leading edge of 4S° for the
inboard 30 percent gpan, 30° for the midsemispan (35 percent) and
200 for the outboard 35 percent span. The wing has RACA 6LAOCCY ailrfoil
sections parallel to the plane of symmetry, an aspect ratio of 4,12,
taper ratio of 0.36, and has no geomstric dihedral or twist. A more
detalled descr¥lption of the model construction is glven in reference 2.

The wing was egulpped wlth flush surface statlc pressure orifilces
arrenged in chordwlse rows locasted at 10, 20, 40, 60, and 80 percent
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of the right wing semispan as shown in figure 2. The chordwlse _
location of the orifices, whlch 1s the same for all spanwise statlons,
ig also given in figure 2. A photograph of the basic wing mounted In
the lLangley full—ecale tunnel is glven as figure 3.

The wing was equipped with a 20—percent—chord split flap
deflected 60° located on the inboard 65 percent of the wing span. The
flap was equipped with one static pressure orifice for sach gpanwise
station at the midpoint of the flap chord whilch, when projected
vertically to the airfoil chord was located at 85 percent of the local
alrfoll chord.

The surface statlc pressures were measured by means of a multiple—
tube manometer and photographically recorded. Tests were made at zero
yaw through an.angle—of—attack renge from O° through the stall, taken
in increments of 4° except near maximum lift where 1° increments were
uged. The configuratlons tested were the basic wing and the wing with
a 20—percent—chord inboard 65-percent—spen split flap deflected 60°.

All tests were mede at a Reynolds number of 3.5 X lO6 and a Mach number
of 0.07. Studles of flow characterlstics were also made for these
configurations by the use of wool tufts attached to the wing upper
surface.

REDUCTTION OF DATA

Pregaure Diastributions

The meagured atatlc pressures were reduced to coefficlent form and
plotted agalnst thelr respectlive chordwlse locationa. For the wing with
the gplit flap deflected, the flap sgtatic pressures were plotted perpen—
d¢icular to the alrfell chord. For these figures a uniform presasure fleld
wag assumed to exlst behind the flap, the value belng determined by the
orifice located at 0.95¢c on the lower surface of the alrfoil. Because
of the inguffilcient data to determine accurately the span loadings at
the end of the flap and the wing tips, the curves were falred in these
reglons according to the best avallable information.

From these pressure plots the section lift coefficlents, apan
loading coefficlentes, and local centers of pressure were obtalned by
the usual calculatlon and integratlion procedures, neglecting the chord
forces. Calculatlons indicate a mgximum error due to neglecting chord
forces of about. 2 percent on the wing 1ift coefficient and about
3 percent on the sectlion 1ift coefficlents.
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The data have been corrected for alr—stream inclination, the
blocking effects, and for the Jet—boundary effects. The labtter cot—
rectlion was determined for a wing of the same span with an elliptic
loading, but having an imswept plan form.

Flow Diagrams

"The flow dlagrams represent the comblned Iinterpretation of tuft
studies and pressure distributions. TIn the high—1ift range it was
difficult to distinguish between gtalled and very rough flow as indi—
cated by the tufts and, for this reason, the pressure distributions
were used to ldentify more precilsely the stalled areas., The tufts were
also used to Indlcate direction of flow and the degrse of roughness.

RESULTS AND DISCUSSION

Presentation of Results

In figure I are presented the chordwlse pressure distributions at
several angles of attack for the basic wing, and the distributions for
the wing with the spllt flap are shown in figure 5. The flow dlagrams
are presented in figure 6. In figures 7 to 9 are presunted the inte—
grated results of the pressure distributions in the form of section
1ift coefficlents and span loading coefficients. The center—of-pressure .
locatlons are glven 1n figures 10 and 11l. The varilation of the total
wing 11ft end piltching-moment coefficients with angle of attack 1s given
in figure 12. It should be noted that the wing 1ift coefficients given
In figure 12 are sbout 5 pércent and 9 percent higher, respectively, for
the split flsp and baesic wing confilguration than for the corresponding
values obtained from the force measurements (reference 2). There is no
explanation for these descrepancies; however, it 1s felt that these
results do not significantly alter the conclusions derived from the data
presented hereiln,

Pressure Distributions and Flow Characterlstics

Basilc wing.— The general shape of the chordwlse pressure dlstril-
butlons at the low and moderate angles of attack are typlcal of the two-
dimensional dilstributions for gimilar alrfolls, and the flow 1s smooth
below an angle of attack of 10°., A small region of constant pressure,
indicating a local region of separated flow, first appeared near the
upper--surface leading edge at an angle of attack of about '3.5° This
phencmenon ls shown more clearly at the inboard panel at an angle of
atteck of T7.2° (fig. 4{c)). Previous two—dimensional investigations of
similar alrfoils (references 3 and %) also reveal the existence of this
separation bubble., Because of the small size of the bubble, investi—
gation of thils reglon with tufts falled to detect any disturbance.
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The high leading—edge peak pressures near the angle of attack for
the maximm section lift coeffilcient for each section are characteristic
of thin airfoils. The slight hump In the pressure distributions near
0.40c was also noted in the two—dlmensional tests of similar alrfoil
sections.

The stall was cha.ra.cterized. by lemsding-edge separation, which
appeared first af the outboard panel at an angle of attack of 12. 8%
(fig. 4(f)) and progressed inboa.rd. to the midsemispen psnel as the angle
of attack was increased to 14.7° (fig. 6(a))}. At an angle of attack
of 12.8° the flow diagrems show spanwise flow beginning at the midsemi—
" span panel tralling edge, and with a small increase in angle of attack,
reverged or forward flow appeared near the jJjunction with the outboard
panel, wlth the flow curving inboard along the leading edge. This
appeared as a cilrculatory flow pattern, centered on the midsemlepan wing
panel and rotating in a clockwlse direction on the left wing. Thils
pecullar flow pattern appeared before complete stall had developed at
the 80—percent station, The effect of this unusual type flow is to
cauge & considerable reduction in the leadlng—edge peak negative
pressure as shown for the 60-percent station at an angle of attack
of 13.8° (fig. 4(g)). Some separation of flow at the tralling edge is
also indicated, but there is no indication from the pressures of flow
breakdown at the leading edge. These results Indicate that the observed .
unsteady reversed flow (fig. 6(a)) is confined to an attached turbulent
boundary layer and does not, in this case, appear to Indicate stall.

The obgerved in—flow at the mid.semispan panael leading edge lg induced by
the higher negative pressure peaks farther inboard. As the angle of
attack was further increased, thils circula:bing flow extended both
inboard and outboard until a.t 18.7° 1t covered a.bout 70 percent of the

wing semigpan.

Split flap Instalied.~ The pressure distributlons for the wing
with The split flap installed (fig. 5) show higher negative pressure
peeks and earlier peparatlon than were encountered with the basic wing.
Leading~edge sepa.ra:bion Tirgt appeared at the outboard panel at an angle
of attack of 9.3° (fig. 5(e)}), and at the midsemispan pansl of an a.ngle
of attack of 10.2° (rig. 5(1’)3 At the highest angle tested, 13.1°, the
outboard penel was almost completely separated with the midsemlspan
panel being intermittently stallied behind the meparated reglon at the
leadling edge.

The circulating flow pattern 1s also present for this configu—
ration (fig. 6(b)), and 1s very similsr in appearance and progression
to that exhibited by the basic wing.
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Section Iift Coefficlent

Basic wing.— The section 1lift curves (fig. 7) show that the mid—
gemispan penel maintains a higher section 11ft coefficient below the
stall than the rest of the wing. The 60—percent station, although in
the same wing panel ss the L4O—percent stations, reaches maximm 1ift
ghout 3° earlier. This earlier stall and consequent lower cy 1s

attributed to the reversed boundary-layer flow at this station discussed
in the section an flow characteristics. Although the angle of attack
wag increased to 18.7° the section 1ift curves show that the 10— and
20—percent statlions, which were located on the more highly swept 1nboard
panel, had not resched meximum 1ift. The slight discrepancles in section
1ift coefficlents obhgerved at zero angle of attack are believed to be
caused by possible variation in the air stream across the test section -
and Inaccuraecies In model comstruction,

Split flap ingtalled.— The addition of the split flep caused a
large increase in section 11ft coefficilent (fig. T(b)), particularly st
the midsemispan penel. The hO—percent station experienced an Increase
in 1ift coefficlent at zerc angle of attack of 0.72, which was the
highest measured on the wing for this conditlion. The greatest Incremsnt
in maximum section 1ift coefficient due to flaps was 0.50, also obtainsd
at the LO—percent station.

- Span Load Dilstributlon

Basic wing.— The gpan load &lstributlions (fig. 8) are approximately
elliptical ln shape In the low and moderate 1ift range. Above an angle
of attack of 10.9°, there is = steady increase and inboard shift in peak
load coefflicient caused by the inboerd progression of stall. When the
unusual circulatory type flow flrst appeared at an angle of attack
of 13.8° 1t did not cause any violent change In the span load
dlstrlibution. '

For comparative purposes a calculated additional span load distri-—
bution, obtalned by the charts of reference 5, 1s included in figure 8.
The engle of sweepback used for these charts was 30°, which is the angle
of sweepback of the midsemiepan panel, wlith the agpect ratlo and taper
ratlo tmnchanged. Although it is recognized that there 1s conslderable
difference between the assumed plsn form and actual plan form, there is
good agreement between the experimental and calculated additlonal loedlng
curves for moderate angles of attack.

Split flap installed.— The effect of the split flap on the span
loading curve 1s to provide an increase in loading over the flapped
portion of the wing, this effect belng more pronounced for low angles of
attack (fig. 9)}. This effect is also indicated by the inboard location
of center of pressure noted for the flapped wing (fig. 10). The center
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of presgure moves outboard with increasing angle of attack up to 9.3°
where the outboard pansl reaches ¢y _. As angle of attack 1s further
max -

increased there 1s an inboard shift in center of pressure caused by the
Increase In 1lift of the inboard panel, which continuss through the
highest angle of attack tested. '

Center oft Pregsure N . -

Baglc wing.— The chordwlse center—of-pressure varlation with angle
of attack is presented in figure 11(a). Below the stall the local
center of pressure remalns essentially constant with angle of attack
above an angle of attack of about 4°, but with the onset of leading—edge
separation there is an abrupt rearward shift in center of pressure and
a subsequent relocation at a position farther aft. Even though there is
an inboard shift in wing center of pressure after the occurrence of '
leading—edge separation, the rearward shift in the local center of
pressure combined with the malntained maximum 1ift of the tip sectlons
results in satisfactory statlc longltudinal gtebllity of the wing through
stall, as shown in figure 12 end discussed In the force—test results of
reference 2.

Split flep installed.— The effects of gplit—flap deflection
(rig. 1I{b)) ie to cause a small but consistent forward movement of
local center of pressure with an increase in angle of attack at all
stations below the stall. The forward movement in center of pregsure at
the low and moderate angles of atiack resulte in a pronounced destabi—
lizing tendency In the wing pitching—mnment characteriastics for angles
of-attack between 6.5° and 8.3° as shown 1in reference 2. As leadling—
edge separation developsa the curves follow the game trends as shown for
the basic wing, with the center of pressure consilderably farther aft
than for the basic wing.

SUMMARY OF RESULTS

The results of an investigation at high Reynolds numbers and low
Mach numbers in the Langley full-scale tunnel to determine the pressure
distributions of a wing with the leading-—edge sweepback decreasing from
45° at the root to 20° at the tips are. summarized as follows:

1. The stall was Charatcterlzed by leadingedge separation, which _
firast occurred at the outboard panel at an aengle of attack of 12. 8° for
the basic wing. An increase In angle of attack to 14.7° extended this
separation to the midsemispen panel with the inboard panel remsining -



NACA RM I50A23a ' 9

smooth at 18.7°. For the flapped wing the stall progression was the
same with leading—edge separation occurring sbout 3.5° earlier.

2. The WO—percent stetion maintains the highest section 1ift coef—
ficient for all angles of attack below the stell, both with split flaps
removed and Installed. The greatest increment in sectlion 1ift coef—
flcient galned by use of the spllt flap at zero angle of attack was C.T72
measured at the L4O-percent station,

3. The spanwise load digtributlions are approximately elliptical in
shape in the moderete—lift range. The peak load coefficlent 1is located
at the inboard panel in the high~I1ift range. The effect of the split
flap was to increase considerebly the loading coefflcient over the
flapped portion of the wing, partlcularly in the low—l1ift range.

k., In the low-lift range the center of pregsure shows little vari—
etlon with angle of attack for the baslc wing, but an abrupt rearward
shift occurs wlth leading—edge separation, which, In the absence of any
appreclable spanwise center—of—pressure movement, results 1n satisfactory
gtatic longitudinal stabllity. The center—of—pressure patterrn ls the
same for the flapped wing, except for a small forward movement with
Increasing angle of attack below the stall. The center of pressure ls
located farther aft than on the basic wing.

Langley Aeronautlcel Iaboratory
National Advisory Committee for Aeronautics
’ Langley Air Force Basse, Va.
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Aspect ratio 4)|2

Taper ratio 0.36
Wing area 19024 sq ft

Figure 1.~ Geometric characteristics of wing. All dimensions are glven in inches.
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amooth at 18.70. .For the flepped wing the stell progression was the
gseme with le@ping—edge geparation occurring about 3.5° earlier.

2. The 40—percent station maintains the highest section 1ift coef—
ficient for all angles of attack below the stell, both with split flaps
removed and installed. The greatest increment in section 11ft coef-—
ficient gained by use of the split flap at zero angle of attack was 0.72
measured at the WO—percent statlon,

3. The spanwlse load dlstributions are approximately elliptical in
shape in the moderate—lift range. The peak load coefflclent 1s located
at the inboard panel 1n the high—lift range. The effect of the split
flap was to lncrease conslderably the loading coefficlent over the
flapped portion of the wing, particulerly in the low—lift range.

k, Tn the low—lift range the center of pressure shows little vari—
ation with angle of attack for the basic wing, but an abrupt rearward
shift occurs wlith leadlng-edge separation, which, in the absence of any
appreclable gpanwlse center—of—pressure movement, results In satlsfactory
static longltudinel stability. The center—of—pressure pattiern is the
game for the flapped wilng, except for a smell forward movement wlth
Increasing engle of attack bpelow the stell., The center of pressure 1s
located farther aft than on the basic wing. :

Langley Aeronsutical Ieboratory
National Advisory Commlttee for Aeronsutics
Langley Alr Force Base, Va,
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Figure 2.- Location of pressure orifices.
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Figure L.- Pressure distribution along the chord for five spanwise stations
gt various angles of atbtack. Baslic wing.
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Flgure 3.- Photograph of basic wing mounted in the Lengley full-scale tunnel.
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Figure b4.- Pressure dilstribution slong the chord for five spanwise statlons

gt various angles of attack. Basic wing.
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